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Outline

Outgoing Parton

Motivations: - Phenomenologically:
“underlying event” may be made of
IS not a Underlying Event everything
well understood except
object vl St hard scattered jets

Outgoing Parton

1. Topology of “minimum-bias” and “hard” collisions:
= study transverse regions sensitive to the underlying event.
= |ook to “beam-beam remnant” and multiple parton interaction
component of underlying event in back-to-back jet collisions.
2. Jet structure in the underlying event:
= A correlations in the particle density “associated” to the maximum
P, particle in the transverse region.
3. Jet structure in underlying event vs in “minimum bias”.




Niccolo’ Moggi

XII DIS
April 15 2004
CDF Tracking Volume Event selection:
m S— 1. Zero or one primary vertex
2.0 7 _ HADRON
] o -0 O of 2. |Zyertexl <60 cm
15 3. SUmMET<15TeV
/, E -
: Track selection:
0] 1 1. COT measured tracks )
] 2. |Z-Zp| <2 cm
5 ] 4 - 2 T
I ——— m E 3. |dgl<1lcm > €= 98%
_-ﬁ:,:.—_:’-— e ’ 4. P1+>0.5GeV/c uniform
0 I I TTT | T T | T T | T T | T T | I
0 5 \ 1.0 1.5 2.0 2.5 3.0 m 5 |r]| < 10 Y,
SVX I — INTERMEDIATE
5 LAYERS SILICON LAYERS
Min-Bias JET20 JET50 JET70 JET100
Total Events 3,716,068 | 7,388,639 | 1,844,407 | 826,597 | 1,052,530
Selected Events 2,596,553 | 3,127,001 | 802,003 | 352,820 | 393,118
Sel. Ev. JetClu (In(jet) < 2|, R =0.7) 587,154 | 2,473,013 | 735,893 | 338,668 | 389,006




Jet #1 Direction

“Toward -Side” Jet

“Toward”

.
o7
.
.

‘Away -Side” Jet

The transverse region

» The direction of the leading
calorimeter jet defines three
transverse regions in @

» “Toward” = | Agp| < 60°

> “Away” =|Ag@|>120°

» “Transverse”™= 60°<| Ag| < 120°
(perpendicular to the jet#1 plane)

» Each has same n—-@area
(AnxA@)2/6 = 411/3

» Jets are defined by JetClu
with R=0.7 in |n|<2
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Away Region

Transverse
Region

Leading

Jet

Toward Region

Transverse
Region

Away Region

“Leading jet” events = E.(jet#1) > 15 GeV
no restrictions on 2" highest E; jet (when present).
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Densities

Study charged particles and form:
1. particle density dN , /dnde
2. scalar P  Sum density: dSum(P ;)/dnde

Data uncorrected,
but efficiency is
high and uniform

2n
Area = An X AQ = Systematic due
¢ — 2y 211= ATT to track selection
° included in
; Es: 3 particles Le Pl
dN_/dnde=
= 3/411=0.24 fﬂde by 41T
°
CDF Run 2 “Min-Bias” Average Density
Average )
Observable per unit n-g
0 +—>
1 n +1 Nchg Number of Charged Particles | 3.17 +/- 0.31 | 0.252 +/- 0.025
PTsum Scalar p; sum of Charged : ]
(GeVic) Particles 2.97 +/- 0.23 | 0.236 +/- 0.018
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PTsum Density in Transverse region(s)

“Leading jet” events: A@dependence of the scalar PTsum density
relative to the direction of the leading jet

Charged PTsum Density: dPT/d ndcpl

Region

100.0 g — e
1CDF Preliminary " 95 < ET(jetf1) < 130 GeV Leading Jet J The |ead|ng jet IS rotated
data uncorrected o 30 < ET(jet#1) < 70 GeV
rx = Min-Bias = %: to 270
10.0 ;""""""ILWII ffffffffffffffffffffffff R i ey
] "Transverse" !:: I; Average M'n'B|aS — 024

=

Charged PTsum Density (GeV/c)

1.0 g™
= Charged Particles .
| (ni<10,PT>05 Gevic) e Same in charged
T ’ particle density
1 1 1 1 1 1 1 1 1 1 1
0 30 60 90 120 150 180 210 240 270 300 330 360
A@ (degrees)
— = Amount of hard initial+final state radiation
Notice in transverse region increases with E; of
transverse . .
log B cqions leading jet...
scale ..see better next slide 2>
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MAX/MIN Transverse Regions

“Leading jet” events: shows the charged particle dens ity
as a function of the leading jet E -

|"MAI!MIN Transverse” Charge Density: dH!dndpr

CDF Preliminary Leading Jet PYTHIA Tune A 1.96 TeV
data uncorrected
lheory + COFSIM

-y
.
[=7]

Define “MAX” and “MIN” transverse
regions on event-by-event basis :

=l
v
FJ

“MAX” = contains largest number of
charged particles

“MIN” = contains smallest number of
charged particles

"Transverse” Charge Density
=
o

Jet #1 Direction = Charged Particles {n[<1.0, PT=0.5 Ge\ic)
0.0 + ; ; ; ;
0 50 100 150 200 250

ET{jet81) (GeV)

MAX & gets hardest initial+final state radiation

MIN < more sensitive to “beam-beam remnant” | K R I
component of underlying event and to PT sum

Jet #2 Direction multiple parton interactions density
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SUbS_et Of the leac_“ng Jet e.VGI’ltS. o0 Charged PTsum Density: dPT/d nd<p|
Require at least 2 jets with : e _ [memimo] - oavamak
l) A(P > 1500 % = :;(?;BEi;(Jet#l)<7O GeV .
. . 9, x x
2) E;(et#2)/E ;(et#1)>0.8 T L waveesewo = ow
3) no 3™ jet with E ;>15 GeV : LY 5 %
Jet #1 Direction % 10 **** g * . %w 777777
. © | "Tr‘ansvers‘.t;" Reg‘ion
NO Increased o 0 36 6‘0 9‘0 1‘20 1éo 180 210 240 270 300 330 360
aCt|V|ty |n A (degrees)
“Transverse” “Transverse” tr an Sve r S e
) |"MAI!MIN Transverse” Charge Density: dN/dndj
1.2
region . Back-to-Back CDF Preliminary
I 8 S e S S e S e e e S S S S S e ey IS data uneorrected =
7 E o ! - ! ‘ - theory + COFSIM JI-
. . 1] -— et ------ =X T 11_1_ - .' 1
Jet #2 Direction g L]
5 06{--—- RS T v ]l
N nne - SR z - . ¥ ¥y
Suppress initial+final state radiation: Boal oo mrEER
Increase sensitivity of transverse 8 oo _uosi SR SEELON T
reg|0n to beam_beam remnants and oo F"I'THI&Tunrla:At'BSTa\I' I Charged Tartlcle5||q|-:-l_tl.=PT:-U. Ga".ffcpﬂ
multiple parton scattering ’ " Ergetst) (G ” -




Different behavior of “Leading jet”
and “Back-to-back jet” events:

"Transverse" Charge Density

"AVE Transverse" Charge Density: dN/d r]dcpl

=
o

CDF Run 2 Preliminary

data uncorrected
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[ j Charged Particle Density
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2>arged Particles (| n|<1.0, PT>0.5 GeVI/c)
| | |
T T T

o o
o o
=
©
o
@

100 150
ET(jet#l) (GeV)

200

250

With respect to E;(jet#1), “AVE”
densities rise in leading jet

and fall in back-to-back events
(where initial+final state radiation is
suppressed)
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Leading vs b-t-b jets: Ch. Density

Charged Particle Density: dN/dndd

10.0

CDF Preliminary
data uncorrected

10 4 - - — o3

= Back-to-Back 30 < ET(jet#1) = 70 GeV

» Leading Jet
u Min-Bias

0.1

Charged Farticles
{Inl=1.0, PT=0.5 Ge\lic)
t t t t

0 30

T T T T T 1 T T
60 90 120 150 180 210 240 27D 300 330 360
Ad (degrees)

Charged Particle Density
=

Charged Particle Density: dedndel
10.0 -

w = Back-to-Back
» Leading Jet Ix
= Min-Bias
Ix

. Charged Particles
e ([n]<1.0, PT=0.5 GeVic)

7 95 < ET(jet#1) < 130 GeV
o

I
1CDF Preliminary
ﬂaT.n unmﬁrecl&dl

Jeti
“Transverse"

Regiocn

|:2':> > o 3ID

860 90 120 150 180 210 240 270 300 330 360
Ad (degrees)
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Leading vs b-t-b jets: PTsum Density

Different behavior of “Leading jet”

and “Back-to-back jet” events. |Charged PTsum Density: dPT/dndé
100.0
CDF PrelirT'lir'lar'_.,r s Back-to-Back 30 < ET{jet#1) < 70 GeV
data uncormected = Leading Jet
" " . = Min-Bias =
AVE Transverse" PTsum Density: dPT/d nd<p|
[ I R e = Tt L R

g
i

“Transverse"

=
N

=
o

| Wmﬂﬁmﬂ]ﬁﬂ]

Charged Particles
(In[=1.0, PT=0.5 GeVic)

-u_\/ Charged PTsum Density (Gelic)
=

g
)
208 | {HH
§06—— IIHg{% 3 5188 { ¢ } o1 N R P
g 53¢ EEL) HHH i HHHH§H iy H}{HH } 30 60 90 120 150 180 210 240 270 300 330 360
o4t ‘B f L b Ap (degrees)
2 TN mn VPSP s WO e
§027 @ |Charged PTsum Density: dPT/dnd¢
b oo 1.96 ‘ | arged Par"ticles (I nl<1.0, P‘T>O.5 GeVvic) 100.0 =
. f i i i E CDF Prelimina = Back-to-Back
0 50 100 150 200 250 ] ,:, data urmnlr:\erli.:d . » Leading Jat
ET(ettl) (Gev) : £ % 95<ET(jet#1) <130 Gev * ¥ |= Min-Bias
100 F-------5 A R R - -R----————-

"Transverse™

Same as previous: shown
here the PTsum density

Charged Particles
(=10, PT=0.5 Ge\ic)

0.1 4

30 60 90 120 150 180 210 240 270 300 330 360
A¢ [degrees)

‘M\J/ Charged PTsum Density (GeVic)
= -




“MIN” transverse region is more sensitive to the beam
and to the multiple parton interaction component of
Expect “Leading jet” and“Back-to-back jet” events to be

and both to be similar to Min-Bias collisions

"MIN Transverse” Charge Density: dN/dndg

0.6
CDF Preliminary
%‘ data uncorre ched 1.96 TeV
= theory + COFSIM
]
2 04+ - -J--------""[winmiaes |-~ -~ "~ - -
=
-]
5
2
g pzl 1l Ao
B
5 ¢
-
Charged Particles {jy|<1.0, PT>0.5 GeVic)
0.0 } } } }
L] 50 100 150 200 250

ET(jetd#1) (GeV)
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Transverse MIN region

-beam remnant
“underlying event”.
similar

“Transverse™ PTsum Density [ Gevic)

-
=

=
=

"MIN Transverse” PTsum Density: dPTIdndtI

CDF Preliminary
data
theary #

1.96 TeV
rrrrr eoted
CDFSIM

Back-to-Back

[E
Charged Particles {jnj<1.0, PT=0.5 GeVic)
0 50 150 200 250
ET{jetg1) (GeV)

Notice the decrease in the back-to-back data... !?!
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Transverse PTmax

0 Define “PTmaxT” to be the highest P

. . . T "Transverse" Charged PTmax
particle in the transverse region(s). 30 [Transverss” Charged PTmax]
[ Study densities “associated” with S el S S 198Tev 1
PTmaxT, not including PTmaxT S 1*{5 ;iﬁiiﬁﬁﬂﬂﬁ{{
Q Measure correlations El . s i
in the transverse region / N ey
Jet #1 Direction ) E 0.5 __! ______ Min-Bias | __| Backto-Back | ~____ ___ ______________
<PTmax> Increase " | | Chargl‘-.'dll:'articleﬁ||"1|<1.I],IPT'>I].EGEWM
On|y for uleading jet" 0 50 100 150 200 250
events. ET(jet#1) (GeV)
In “baCk to baCk” IS ‘"Transverﬁe” Charged Particle Density: dNa’d’qdd:
— almost equal to MB. 1.0 ——
ol L rostiopeies] ] &] {
8 1498
.. . B os ﬁ‘%‘{*ﬁ-‘ﬁﬁﬁi gﬂf ﬁi %H '- iilptts
Densities associated to PTmaxT larger | $ | Bilthpgmmag oo _’E T
: : B oatg 5318850 HH e
than in average transverse region. : ‘ {
|§ %21 cpE Preliminary st ] - - Leading Jet ——-—-""""-
“Jet structure” in the underlying 9y i [ Sheasapandes (i PR S
event at P ~ 1 GeV ° % - 150 200 250
(jet#1) (GeV)
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AD Correlations relative to PTmaxT

Jet #1 Direction

“Toward”

PTmaxT
“TransMAX” “TransMIN” Direction

PTmaxT ‘\

Jet #2 Direction

» PTmaxT defined to be the highest P particle in the transverse region :

Q “TransMAX” is the transverse region which contains PTmaxT

O TransMIN” the opposite one
» Rotate PTmaxT in 180°:

O Jet#1 will then be somewhere in 240°< ¢<300°= TransMAX+90°

O Jet#2 will then be somewhere in 30%< @<150°= (jet#1 Region+1809+/-30°
» Study A correlation of charged particles relative to PTmaxT
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“Associate” density In b-t-b jet events

Back-to-back jet events: plot A@dependence of “associate” densities of
charged tracks and scalar PTsum, relative to the di  rection of PTmaxT

Select PTmaxT : >0.5,>1.0, >2.0 GeV/c
“Associate” densities do not include PTmaxT itself

‘Associated PTsum Density: dPT/d ndcpl ‘Associated Particle Density: dN/d r]dq)l
10.0 ¢ 10.0 5
B L ] imi Charged Particles Back-to-Back
CDF Preliminar 1 CDF Preliminary '
) y 1 data uncorrected (Inl<1.0, PT>0.5 GeVic) 30 < ET (jet#1) < 70 GeV
S data uncorrected > 4 PTmaxT not included
> t £ not include
o 5 3 i c ] -
2 -3 T L1 -:, 8 7 gt - T '\--1“ y 5 Z
a o3 =
15 104 ﬂ_:f Charged Particles % &
=3 ’y
g Fa (ni<LO, PT>05 GeVic) z Back-to-Back %z 5
3 P4t PTmaxT notincluded 30 < ET(jet#1) < 70 GeV g, 2
ks £ [« PTmaxT > 2.0 Gevic 2 = PTmaxT >2.0 GeVie
(5} ]
2 o PTmaxT > 1.0 GeV/c PTmaxT "Jet#1" < e PTmaxT > 1.0 GeVic PTmaxT “Jet#1”
2 o PTmaxT > 0.5 GeV/c Region * PTmaxT > 0.5 GeV/c Region
0.1 f f f f | | . 0.1 f | | | . |
0 30 60 90 120 150 180 210 240 270 300 330 360 0 30 60 90 120 150 180 210 240 270 300 330 360
Log Scale A (degrees) A (degrees)

Shows “jet structure” in the transverse region also in “back-to-back jet” events
(as can be expected, also in “leading jet” events, not shown here)
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Assoclate” density vs jet E
“Back-to-back” jet events: compare the” associate” den Sity
for events with different leading jetE  ;

PTmaxT = 0.5 GeV/c here, Behavior in transverse region changes
same with 1.0/ 2.0 GeV/c with jet E; in “leading jet” events
Associated Particle Density: dN/dndé Associated PTsum Density: dPT/dndd

10.0 K
e B I P T e
[ PTmaxT not included é PTmaxT not included
3 2 ol il — .
E E ‘H [ § = H'

L IRT: & = i b 5
L : F 5 5 %
'_g % 10 ] - EECEEE_ ______aF .~ e
L] _ = 95 < ET{jet#1) < 130 GeV PTmaxT — 1 = 85 < ET{jet#) < 130 GeV | pTmaxT . 1

o 30 < ETiJetH] < 70 Gl Aegion L « 30 < ETjjet#] < 70 GeV/ T g::“

041 } t t t t ! t } t t t 0.1 } } } } } ' } } t
L] 30 60 90 120 150 180 210 240 270 3I00 330 360 1] an 80 90 120 150 180 210 240 2ZTD 300 330 360
A¢ (degrees) A (degrees)

In “back-to-back” jet events the jet structure in the transverse region does
not increase with the first jet E-, since hard initial+final state radiation is
strongly suppressed.
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Compare the densities

“Transverse density” (previous) vs “associate density " (new)

Jet #1 Direction

Ag
“Toward”
“Transverse” “Transverse” <:>
Charged Particle Density: dN/dndég Charged PTsum Density: dPT/dndé
10.0 o 100.0
3 e Charged Particles 30 < ET{jet#1) < T0 GeV CDE Prelimi Charged Farticles ;
- CDF Preliminar - reliminary 30 < ET(jet#d) < 70 GeV
T s e T i< 1.0, PT0.5 GeVic) = g data uncomected | INI<1.0, PT>0.5 Gevic)
£ - Iz & = Back-to-Back -
“Transwerse" » =
5 R Region T E o0 +----—————- —_|*PTmaxT>=05GeVle | __ == _________
g 7 [ A - N S S TN -E -y “Transverse” o x = i:
8 7 E Xk [y Region - E x
b 2 x
3 FATREE S B < S - S 5 . |
¥ Associated Density 2 b
& PTmaxT not included =]
{ [ Back-to-Back PTmaxT el E Associated Density PTmaxT Jetif
& PTmaxT > 0.5 GaVic FTmaxT not included
01 t t t t t T t 0.1 t t t t
0 a0 &0 90 120 150 180 210 240 270 300 330 360 o 0 &0 90 120 150 180 210 240 270 300 330 360
Ap (degrees) Ap (degrees)

The density of charged particle associated with PTmaxT is larger than the
average density of particles in the transverse region also in “b-t-b jet” events
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Min-Bias events: use the maximum P Associated Particle Density: dN/id 1dg
. . 1.0
charggd part_lcle In the event, (PTmax) e osov| e,y COF Preliminary
to define a direction and look at the 08 Tleprmac 05 Gevie |- =777 gy T

o
o

“associated” density dN /dnda.

chg %
Plot A dependence of the “associate” S 0
particle density. R ; . :
PTmax Direction Jet structure of oo PTmax ”‘Tt i”C'“dfd | | PTrfnax | | | Mi”‘?ias |
MinBiaS at . 0 30 60 90 120 150 180 210 240 270 300 330 360

P, ~ 1GeV/c i

o

.
eS

R

Associated Particle Density: dN/dndé

100

1[= PTmaxT > 2.0 Gewic Charged Particles
1| = PTmax > 2.0 GeVic {inl=1.0, PT=0.5 Geliic)

Correlations in ¢ 30 < ET{jetit) < 70 GV

Min-Bias vs “Back-to-back™: 1
Similar shape of particle
density associate to PTmax

Particle Densgity

1.0 RO

Min-Bias x 1.65

i
in the transverse region. E/ “roe  CDF Preliminary
4 PTnl'naa:'I', P'I'I'max rlu:-t In-:llul:led . f

Z 30 60 90 120 150 180 210 240 270D 300 330 360

Min Bias x 1.65 !l A} (degrees)
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Summary and Conclusions

A lot of work has been done in comparing the data with PYTHIA and HERWIG.
In general PYTHIA (tune A) is observed to work better.
For brevity reasons no comparison was shown here, but MC can provide
an important handle to understand the details of the processes involved.

v We studied the density of charged particles and of the scalar P, Sum in two
“transverse” regions which are very sensitive to the “underlying event”.

v' By selecting a subsample of “back-to-back” jet events we looked closer into the
“beam-beam remnant” and multiparton interaction component of the “underlying
event”: this component is very similar to MB and flat with respect to the jet E.

v' To examine the jet structure of the “underlying event” we studied the Ag
dependence of the particle density associate to the maximum P+ particle in the
transverse region: data show strong correlation in the transverse region which
indicate a “jet structure” in the “underlying event” for both “leading jet” and

“back-to-back jet” events.

v Min-Bias data also show a “jet structure” at low P (~1 GeV/c) which is similar
to that of hard “back-to-back” jet events.



